Introduction.
An extensive characterization of this YAG manlold has been conducted. This study includes absorption, emission, and lifetime measurements using a wide range of Ho concentrations (from 0.32 to 8.5 %), temperatures (from 30 to 500 K), and emission path lengths of the 21. m Ho emission. The lifetime of this manifold has been observed to increase with concentration and decrease with temperatures below 295 K in contrast to most other Lanthanide series elements. Rates of radiative energy transfer were calculated independently from luminescence and lifetime models derived from these measurements. The close agreement in these rates suggests that strong radiative energy transfer among excited Ho ions in the 517 manifold is responsible for the observed behavior of Ho lifetimes. 460 nm. Lifetimes were acquired under the excitation of the 5~2 manifold using a pulsed dye laser emitting at 542 nm. The following model calculates the Ho 517 luminescence and radiative energy transfer rate among Ho ions for a given concentration, emission path length, and temperature. Table 1 = total detected luminescence due to absorption of pump radiation An example of the calculated Ho 517 luminescence as compared to the experimental is shown in The Ho 517 radiative energy transfer rate as a function of temperature can be derived from the parameters and equations listed in Table 1 . The portion of the initial luminescence emission toward the detector remaining inside the crystal afler a distance d is given by
The first term represents the fraction of the initial emission toward the detector that is totally internally reflected (TIR) and remaining afler the distance d. The second term represents the fraction of this initial TIR emission that is reabsorbed over d, reemitted, and totally internally reflected toward the detector. Therefore d is the path length inside the crystal length over which one TIR transmission, reabsorption, and reemission takes place. The fraction of the initial TIR emission participating in radiative energy transfer (reabsorption -reemission of 2 pm photons) over d is therefore given by This quantity can then be transformed such that it is proportional to and has the same units as the radiative energy transfer rate:
= (energy 1 #photon) (#photon 1 time) (1 1 area) = (energy I #photon) (1 I area) Wrad = ( E' 1 A) wrad' ( iii ) where E' = C ( 0.59 eV 1 2.1 pm photon ), and C is a normalization constant. With reference to Fig 3, A is the area of the portion of the sphere centered at the point of initial emission ( X, H 12, W 1 2 ) that is subtended by p~l~ , the solid angle of TIR, and the sides of the slab. After the appropriate geometrical analysis and given that the pump spot radius << L, W, H (slab dimensions), it was found that A -0.08 cm2. ~h u s , and the actual radiative energy transfer rate is, where hi = 1.82 pm, h2 = 2.15ym.
Lifetime Model.
The Ho 5+ radiative energy transfer rate may be calculated from the following equation depicting the observed behavior of the corresponding lifetimes. For a given temperature, where zmeas is the measured lifetime, zrad is the radiative transition lifetime (given as 6.3 msl), Wrad is the radiative energy transfer rate, and 1 I znon-rad is the non-radiative transition rate2 given by where p = 2, p is the smallest number of the highest frequency lattice phonons of energy hv (the release of which causes the non-radiative transition across the energy gap phv), and rn is the thermal occupancy of phonons of frequency v.
Examples of the Ho 5+ radiative energy transfer rates calculated from both the luminescence and 6. References. 1. G. Armagan, to be published. 
